Introduction
There are many branches of the global economy, in which particulate solids, i.e., bulk solids and powders, are produced, transported, handled, converted or consumed. Many raw materials, additives, agricultural and synthetic particulate solids are produced with particle sizes smaller than 100 µm. These materials show a number of problematic product properties. Their interparticle forces, especially van-der-Waals forces, exceed the gravitational forces by several orders of magnitude. Thus, the trouble-free handling of these products is a serious problem as well as presenting a scientific and technological challenge. However, their physical properties, especially the flowability, are essential in several industrial applications, e.g., in the pharmaceutical, food, and chemical industries as well as in mechanical and plant engineering. Flow agents conduce to the improvement of the flowability of cohesive and very cohesive powders. They only will be added if technical arrangements to provide bridge building, disturbances of effluence or problems in dosability are no longer practicable. Their mode of action bases on the reduction of the inter-particular forces.
Functional Principle of Flow Additives to Improve Flowability of Cohesive Powders
Flow additives are known to clearly improve the flowability of cohesive and very cohesive powders. They are only added if modifications to apparatus to avoid bridging and flow disturbances of dosing problems are no longer practicable. Their functional principle is based mainly on the reduction of the interparticle adhesion forces. Nanoparticles, as well as surface active additives (surfactants) and polymers, can be used in small amounts for this. A problem with the use of these nanoparticles is their strong affinity to agglomerates. Therefore, they have to be dispersed before or during the coating process. In the beginning of the mixing process, the nanoparticles exist as comparatively strong bonded aggregates and/or as weakly bonded agglomerates, which only slightly adhere on the surface of the host or carrier particles, because of their weak fractal structure. During the process they are removed and/or dispersed into smaller agglomerates. Therefore, their numbers increases and their dispersion in solution become more homogeneous. Furthermore, these smaller agglomerates adhere stronger on the particle surfaces. As a result of this, the powder flowability is increasing during the mixing process.
Models of functional principles of roughness in contact of two host particles
By his measurements of inter particular adhesion forces Rumpf [1] found a great difference in the measured forces and the forces hypercritically calculated. The smaller values of the measured forces he explained with a rough surface. By these roughnesses the contact-distance will be increased. For modelling of the adhesion forces, Rumpf saw these the roughnesses as hemispherical. Eber [2] has also used the model of Rumpf [1] and substituted the hemispherical asperity by a spherical guest particle. This seems to be more realistic for describing the reduction of adhesion by use of nanoparticles. The Sandwich-model of Zimmermann [3] describes the interparticle adhesion between two spherical carrier-particles and one guest-particle in contact-zone. Figure 2 : Illustration of the models according to Rumpf [1] (1); Eber [2] (2) and the Sandwich-model of Zimmermann [3] (3) It seems unrealistic, that only one roughness rather one guest-particle is involved in a contact. This would also lead to a configuration, which is mechanical unstable. Because of this, models were developed, which accommodated this. Meyer developed a 3-point-model as an extension of Zimmermann sandwichmodel [3] , where no stable mechanical contact is occurred. In this 3-point-model the both carrier-particles are bounded with three guest particles. The tensile strength shows essential decrease when a very low charging 0 -0,2% occurs. A minimum is achieved at xGP = 1%. Further increasing of Aerosil amount rises up also the tensile strength. Although, the latter rises up approximately linear with the charging increase. Consequently Meyer has concluded, that the increasing of the charge of the agglomerates lead to an increase of their concentration, thus avoiding the dispersion process. It is very important to mention that in an industrial mixing and dispersion process the distribution of the guest particles is rather casual. In contrast, the presented model assumes a homogenate guest particles distribution. 
